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A. INTRODUCTION TO PROBLEM 



1 . Background Study 



In December 1966, the U.S. Office of Education contracted with Education and 
Training Consultants Co. (ETC), Los Angeles, to ’’Determine the Feasibility of 
Developing a Model Describing the Flow of Occupational and Economic Information 
into the Secondary Vocational-Technical School" (1) . 

The study was completed and submitted to the Commissioner of Education in June 
1967. The study went beyond the original proposal and developed a flowchart 
model. In addition, it was expanded to include the comprehensive secondary 
school as well as the vocational-technical secondary school. In order to im- 
prove dissemination of the systems engineering conceptualization inherent in 
the project, ETC published it with the title, "Systems Analysis and Synthesis 
Applied to Occupational Instruction in Secondary Schools," in November, 1967 
( 2 ). 

a. Conceptualization of a Model 

In the study, a flowchart model was synthesized having 49 separate and 
and distinctly identifiable feedback loops. A rigorous definition of 
"feedback" was established based upon closed-loop control systems 
theory rather than on the less stringent meaning implicit in non- 
physical systems applications. 

This model is a high-fidelity analog of teacher relationships in real- 
life. It is a cybernetic model which relates the occupational teacher 
with the real-life environment outside the school subsystem. It is 
from this real-life domain that information is received and to which 
graduating students are sent. A simplified model appears in Figure 1. 
It is delineated at the first or major level of detail. The complete 
model will be discussed later. 

Both student and teacher are subsystems within (4.0), Students leave 
a secondary school by graduation or as dropouts and enter employment 

(1.0) , enter an institution of higher education (3.0) or perform mili- 
tary service (2.0). Non -employment is not specifically depicted but 
may be regarded simply as state two of the two-state subsystem (1.0). 

At some point in time after leaving secondary school (4.0) they will 
also leave the military (2.0) and college (3.0) subsystems for employ- 
ment in business, industry and government (1.0). It is virtually 
impossible for a particular person leaving (4.0) and entering (1.0), 

(2.0) , or (3.0) to return to the same (4.0) environment. Thus, any 
inputs to (4.0) from outside, due to this time continuum, will affect 
younger students and not the original students. The model describes 
functions and the interrelationships and not individuals per se.. 

However, while the flow is discrete at the atomic level, it may be 
viewed as continuous at the molecular level. Certainly, the occupa- 
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tional teacher performs as a continuous function and it is this function 
within (4.0) which is identified in Figure 1. The conventional electrical 
signal analog applies exactly. (4.0) has more signal inputs than any 
other sub-system, 10 to be precise. While there are many feedback signals 
in the complete model , (4.0) has 8 major feedback inputs. 




by ETC at the First Level of Detail. 



Subsystem (10.0) produces feedback to (4.0) generally in the form of 
information obtained from employee and trade association magazines, brochures, 
meetings, etc. Such data is supposed to add to an instructor^ knowledge 
bank and thereby modify his behavior. The information in (10.0) is obtained 
in part from various surveillance or early warning sensors operated by 
associations and societies (8.0). 

The same surveillance data (8.0) also influences (9.0) and is translated into 
recommendations and policies by advisory bodies at various levels. At the 
macro level, information is transmitted to the State Department of Education 
(7.0). At a lower macro level, it is transmitted to the school district, 
and at an c*fen lower macro level to the occupational teacher in a particular 
secondary school of the same school district (4.0). (9.0) obtains information 

from (7.0) and both information and manpower (members) from (1.0). 
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Professional societies (6.0) also perform a surveillance function (8.0) and 
use any feedback to control their outputs and thereby stabilize that loop. 

This is accomplished through meetings attended by teachers (4.0), recommenda- 
tions for licensing (or non-licensing) and curriculum requirements transmitted 
to (7.0). 

The State Department of Education (7.0) uses (6.0) and (9.0) information as 
feedback to control its output but one signal input from (11. 0), namely 
federal and state tax dollar?, has a profound influence. At the regional 
level where programs are operated to reach an occupational teacher (4.0) 
directly, feedback from real-life is most often embodied in the form of 
experienced managers and supervisors in (1.0) who instruct in (12.0) and also 
may have a role in contributing to the selection of occupational content for 
teachi t training programs (7.0). 

It is the tax-paying citizen (13.0) who inputs his dollars to (11.0) which go 
to (7.0) at the state level and to a particular school or school tax district 

(4.0) at the local level. (13.0) acting as a non-parent, can create and 

apply pressure to the management of a district in various ways (4.0). (13.0) 

rarely has acted as a parent in this role, but organized parent action groups 
outside of the PTA v?riety are beginning to emerge as a powerful force in 
certain geographical areas. 

Occupational instructors look more and more to state colleges community 
colleges, junior colleges, and non-public trade schools (12.0) to obtain 
information used as feedback to correct errors and control their output (4.0). 
Thes institutions face the same problem of presenting updated information, 
thus error-correcting feedback enters (12.0) in the form of experienced 
managers, supervisors and technical employees from (1.0). 

Because of great academic freedom for the individual teacher in higher 
education, feedback enters (12.0) from (5.0) as vendors furnish in-service 
training which invariably focuses upon the products being produced in (5.0). 

To a lesser extent, internally generated research and development in occupa- 
tional materials and methods may reach the continuing education function 

(12.0) and eventually be transmitted to (4.0). 

Occupational instructors rely upon resources (5.0) and the information 
generated to update their content and, as feedback from real-life, to alter 
their outputs. There are minor signals to (5.0) from (6.0) which consist 
mainly of the provisioning of mailing lists for vendor advertising. Majov 
signals to (5.0) from (6.0) consist of state-administered tests used for 
licensing or other purposes . 

In terms of national practice, subsystem (14.0) is undoubtedly the least 
significant. It consists of job experience obtained by an occupational teacher 
instructing at a junior college or college and reviewing books and manuscripts 
for publishers. The most significant is (1.0) which describes job functions 
in business, industry and government. Students from secondary school enter 

(1.0) and spend 25% of their working lives there, over a time period of 45 

years (20 to 65). Error-correcting feedback from (1.0) to (4.0) may be in a 
variety of forms: supervisory instruction to students engaged in cooperative, 

work-study programs, supervisory instruction to teachers employed either in 

a special program or randomly, information channeled through social or 
leisure-time activities from employees to teachers, information transmitted 
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by personnel departments to teachers, and so forth. 

b. Characteristics of the Model 

Five characteristics are identified with the information processed 
in the model. Figure 1. 

( 1 ) frequency (f) : nature or rate of information flow; a measure of 
the continuousness of information using as a unit one semester 
of secondary school; the frequency of information fed back to 
an occupational teacher could be high, moderate, low or zero; 

(2) entropy (H): order and organization of information and the 
signal path and information flowing through it in terms of 
order-disorder; the entropy of information and/or path could be 
high, moderate or zero; 

(3) figure of merit (M): usefulness of information without alteration; 
a measure of the percentage of information usable by an occupa- 
tional teacher so he may integrate it into a unit, sub-unit, 
lesson, teaching point, or step; the figure of merit of infor- 
mation fed back to an occupational teacher could be high, 
moderate or zero; 

(4) reliance (R) : changes in information content during transmission 
and at reception; a measure of the percentage reliability based 
on the absence of noise, distortion, data transmission errors 
(bits), etc. which- change the information meaning so an occupa- 
tional teacher will receive information different than originally 
generated at a source; the reliance of information fed back to 

an occupational teacher could be high, moderate or zero; 

(5) recency (t): age of information at reception; a measure of the 
time elapsed from transmission to reception, the transmission 
time using as a unit one semester of secondary school; the 
recency of information fed back to an occupational teacher could 
be high, moderate, low or zero. 

Forty-nine closed-loops are identified and each is described in terms 
of these five characteristics. From this, an evaluation statement 
is made concerning the value in pursuing or abandoning the loop under 
discussion. 

c . Conclusions, Implications, and Recommendations 

In gross terras, the teaching performance (P) of the occupational 
teacher may be expressed as: 

P =/(f,H,M,R,t) 

The model has these characteristics: 

(1) it is a high-fidelity analog of real-life; 

(2) it is a cybernetic model, showing interaction with a real-life 
environment; 
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(3) it is closed-loop with a large number of feedback signal paths, 
extrinsic and intrinsic to the school or school district; 

(4) it is a general model of secondary schools and of occupational 
teachers in those schools; 

(5) it has closed-loop feedback signal paths each of which is 
identifiable in terms of up to five characteristics; 

(6) it appears possible to measure the value of each feedback loop 
in crude units; 

(7) instructor performance (P) dealing with the inputting of up- 
dated information is a function of (f ,H,M 5 R,t) . 

The most efficient method of measuring the effectiveness of occupa- 
tional instruction is to examine conventionally the activities of 
program graduates in their jobs. However, this can prove to be 
impractical if the overall purpose is to improve occupational 
instruction rather than merely statistically examine employment 
outcomes. The study reveals that the interface between teacher and 
student was extremely critical since it is at this interface that 
communication occurs and information in the mied of the occupational 
teacher is transmitted to and received by the student. If we are 
interested in the method of instruction, per se, then we would wish 
to study the signal path itself. However, if the interest is in the 
content being instructed, in terms of updatedness, then we must study 
the information being transmitted. 

-The study concludes that the occupational teacher's performance is 
related to frequency, , entropy, figure of merit, reliance, and recency 
as defined. This may be interpreted to mean that variations in these 
characteristics could alter teacher performance. Assuming that the 
method of instruction was suitable and satisfactory, students would 
receive far better information than at present. 

Using this logic, if it is possible to quantify the flowchart model 
using one or more mathematical models, then an occupational teacher 
in a secondary school could be measured and his performance 
determined. However, his entire performance would not be so 
measured. Only that aspect of his performance which dealt with 
occupational content would be delineated. 

This has become a major problem in education today since technology 
in the real-world is causing so many changes in jobs that it is 
becoming a major headache to the occupational teacher who wants to 
keep up but is unable . 

Such mathematical models would provide a uniform instrument for 
measuring occupational teacher performance in any school district. 

They would allow comparative analyses to be made. They would identify 
courses in schools which were outdated and would tend to improve and 
maintain the experience of the occupational teacher. He would have 
a measurable whole which he could utilize to justify obtaining 
additional assistance from his school and school district management. 
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The school and school district management would be more responsible 
for updating and maintaining the updatedness of course content which 
presently is delegated to the teacher or ignored completely. This 
applies largely to existing occupational courses and teachers. 

For those districts engaged in developing new comprehensive schools, 
and for those involved in new vocational and technical curriculum 
development , it would be of inestimable value since the measurements 
occur at the very beginning and the models require that workable, 
closed-loop signal paths be created in fact rather than on paper. 

The model may be viewed from the outside in . Improvement of present 
methods of transmitting information into the schools from sources 
outside would be most welcome by these sources. For example, if a 
generator and transmitter of information finds that virtually none 
of it is ever retransmitted by occupational teachers to their 
students, an investigation of the breakdown in communication would 
be warranted. This might suggest that existing methods based on 
the past are ineffective and a completely new and innovative tech- 
nique be synthesized. 

The basis for such a decision would be the measurements made through 
the use of the models and the basis for the synthesis of new 
techniques would be localized tc those areas of the non-model; i.e., 
where signal paths feeding back information to the occupational 
teacher do not exist at all. 



2. Selection of Subsystem (5.0) PRODUCE RESOURCE MATERIALS & SERVICES 



In essence, the initial study (OEC-4-7-061544-1601) and the one reported in 
this document (OEC-9-9-140152-0003[057]) view the system ideographically as 
an information processing network in which the occupational teacher accum- 
ulates information, sorts and retransmits it to students through classroom, 
shop and laboratory instruction. The students are expected to transfer this 
to jobs. When this sequence of events is accomplished at a high level of 
proficiency, the students are more acceptable and useful in the real-life 
world of business, industry and government. Their employability index is 
higher . 

In discussing employability , it is assumed that general or academic 
education as commonly defined has also been acquired. The function of the 
occupational teacher is performed to complement the activities of the 
academic teacher who dispenses general education. Also, the occupational 
information used by a teacher for guidance purposes is considered outside 
of the domain in this discussion. 

The 49 feedback loops were examined and those having a high probability of 
success in yielding to quantification were identified. The loop ( 5 . 0)— •»* 
(4,-0)Jfcf(l .0)^(4.0) was selected and may be traced in Figure 1. Selection 
was based upon the characteristics of low frequency, high entropy; figures 
of merit, reliance and recency which were degraded by high entropy; and 
specific recommendations for expansion of the loop. 



Subsystem (5.0) is the function producing resource materials and services 
which enter the PROVIDE HliMAN INSTRUCTION (4.6) subsystem and influence the 
course content ultimately transmitted to the student. As seen in Figure 2, 
the original (5.0) subsystem contained 10 subsystems. 



PRODUCE RESOURCE M*TCRIAU»4 



wtjjS^ww) 

(MS 



N¥*UFACrOfte 

hMWW 

_5L 



I 



5DFTWA*£ 
Cyrupiwr) 

, it. 



VtHPORI VftW 
TRAINlHi S3 

— m 



«OVCRMMEHT 

*ueus*< 

occurtrttwOM. 



I 



APVgTTlSE. i 




JSH 


111. 




KWWfAVERS 
5JL. 



VEKP&tf TUBUSH 
sorr^f 



e*vER»JM«tor 

<r .. ga. 



60VERHMSMT 

■•Estsiunw# 



9.0 



Figure 2 - The Original PRODUCE RESOURCE 
MATERIALS & SERVICES (5.0) Subsystem 



The major generators are the government (nominally the federal government) , / ■ 
manufacturers of hardware (physical products or materials used in product , 
manufacture)," and vendors of such hardware (manufacturers, distributors, 
proprietors). -Because the typical occupational instructor is isolated from, 
real-life in the sense that he is employed by a school district, one major", 
source of information dealing with the content of his occupation would be r 
(5.0). ’ A 

Not all of the generators of resource materials and services are identified 
in (5.0). Only those clearly identified through interviews conducted in the 
initial study were depicted. 

Intuitively, it appeared that (5.0) would be a good subsystem from which to 
develop the first mathematical mode! . The generator or generators could, 
be identified accurately. Signal paths or non-paths in flowchart model form 
were clearly revealed . Together, these would be the basis for producing 
mathematical models. The products of (5.0) are tangible in the form of some 
kind of printed documentation, and to a lesser degree films, filmstrips, slide 
sets, prerecorded magnetic tapes, charts, etc. No effort was made to 
determine the dollar value of these expenditures. However, it is believed 
that $1 billion is a reasonable approximation. Since this is an extremely 
large sum, any study which would produce better results for the same 
expenditure, or the same results for considerably less money, would be 
worthwhile. Many firms and government agencies constitute the group of 
generators of materials and services because of the variety of occupational 
fields for which preparation is given in secondary schools. Virtually every 
industry and every federal agency is represented. 

For these reasons, ETC selected (5.0) as the subsystem to be studied as the., 
generator of information inputted into the school. The modeling activity in 
thin st ud y should produce not only a solution but more importantly a 



procedure which could be followed to treat additional loops in the same model, 
and other complex, closed-loop models. 

The application of physical science techniques such as systems analysis to a 
non-physical science problem in social science is quite difficult. The philo- 
sophy expressed in the initial proposal and this study, of a cybernetic model 
consisting of flowchart and mathematical elements, has not been utilized in 
education systems although several individuals have published papers based on 
this approach (3). Social systems, of which the education system in this study 
is a subset, are seen as physical systems and modeled as networks of physical 
entities which have word descriptors and mathematical equations associated with 
them (4) . 

3. Selection of Subsystem (5.8) GOVERNMENT PUBLISH OCCUPATIONAL DATA 



The federal government generates and publishes documents each year resulting 
from agency activities. The yearly output of titles is measured in astronomical 
units. Most of this material is non-political, i.e. it is technical information 
of a factual nature without political implications and dealing with subject- 
matter applicable to thousands of different occupations. 

Much government documentation is published by the Government Printing Office and 
sold by the Superintendent of Documents. However, many titles are distributed 
by other federal agencies such as the Defense Documentation Center (DDC) and the 
Clearinghouse for Federal Scientific and Technical Information ^CFSTI). The. 
United States Government Organization Manual devotes an appendix to representa- 
tive publications of departments and agencies of the federal government consist- 
ing of fine print filling 25 pages (5). This appendix describes a very small 
percentage of the total annual output of these documentation generators. 

The annual output of titles is mathematically a function of the number of govern 
ment agencies, budgets of these agencies, permissive legislation by the Congress 
diversification of agency activities, internal policy regarding publication and 
dissemination of significant data, and other elements. This study does not at- 
tempt to measure the quantity or effectiveness of such data but assumes that 
some part of it would be useful to .occupational teachers in secondary schools. 
This assumption is based on interviews conducted in the initial study (2). In 
terms of that study, which produced a model having 49 loops, the one being re- 
ported represents l/49th of the closed-loop aspect of the model. However, it 
represents l/24th of those loops which should be expanded. The evaluations are 
summarized in 9 categories: 



expand 24 
redesign + expand 1 
improve 10 
study further 6 
do not change 1 
no comment 3 
ignore 2 
redesign or eliminate 1 
eliminate _JL 

49 



As stated in the discussion of the initial study, certain feedback signal paths 
are more critical than others. It is obvious that 24 closed-loops are suffi- 
ciently meritorious to be expanded, in the opinion of the investigators. It 
is not as obvious that the initial study was not designed to create or invent 
unique paths .... to synthesize non-existing paths. 

It is difficult at this stage to state, for certain, that (5.8) is the besti sub 
system with which mathematical modeling must begin. There are no known ground 
rules for selecting the first loop for treatment except that it be simple and 
uncomplex relative to che other loops. (5.8) satisfies this criterion. Also, 
there should be a high probability of success in yielding to quantification. 
(5.8) satisfies this criterion. 



4. Objectives of this Study 



a. refine ideographical ly in flowchart model form, the loop described in 
figure 3 (flowchart to be folded ovi) as (5.8)- » (4. 6. 1.1) — » 

(4.6.2) ►(4.6.3). ►(4.10) ► (4.3 .3) ► (4.4): ► (1 .2.1)- 

<1.1.1) Kl .5 .4) ►(4.7) ►(4.'6 .1 .1). 

This loop has this, ideogram, derived by analysis: 




b. examine but do not refine alternative feedback signal paths which were 
not revealed in the initial study; the ideograms of three such alterna* 
tives are: 
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c. consider *» number of mathematical techniques to quantify the flowchart 
model in a, above. 

d. select the>most promising technique and synthesize a set of mathemati- 
cal expressions which support the position that the model will measure 
existing occupational teacher performance insofar as updating course 
content is concerned. 

e. publish the results of the study so federal government agencies, as 

•\ producers and disseminators of data, will learn how to adjust data con- 
figuration and current dissemination channels to allow their products 
to reach and be used by large numbers of occupational teachers and be 
retransmitted to students. 

f. publish the results of the study so other generators of data, represented 
by functions (5.1), (5.2), (5.3), (5.4), (5.5), (5.6), (5.7) and (5.10) 
in Figure 3, will understand and accept systems techniques as applied 

to updating occupational course content in secondary schools. 

g. publish the results of the study so the fcedhn‘VC[ues of cotosynthcs^s ; i.e. 
analysis, synthesis, modeling, and simulacion; as illustrated by this 
project can be understood and used in general as well as occupational 
education (6) . 



o 
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B. APPROACH TO PROBLEM 



1. Refinement of the Flowchart Model 



It is necessary to decompose (5.8) to at least the fourth level of detail so 
functions and interrelating signal paths are clearly revealed. The sequence 
of events is : 

a. conceptualize a flowchart model of (5.8) based upon the knowledge and 
experience of the investigators , corresponding to (2.0) of Figure 4. 

b. present this subsystem model as an interview-based stimulus to a small 
number of highly expert individuals in a university setting who respond 
analytically using their experience; experts have direct contact with 
secondary school occupational instructors and library documentation 
practices, corresponding to (1.0) of Figure 4. 

c. reconceptualize this subsystem using responses from experts, corres- 
ponding to (2.3) of Figure 4. 

d. perform a low-fidelity simulation to test and debug the model, corres- 
ponding to (3.0) of Figure 4. 




Figure 4 - Model for Producing a Model 
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2 . Conceptualization of the Mathematical Model 



a. assume that all content updating is performed in (4.10) of Figure 
3, and that this occurs independently of (4.2) which refers essen- 
tially to the introduction of completely new or completely revised 
groups of courses constituting a curriculum, 

b. consider the course content as a Markov chain of main facts and 
teaching points $ a course consists of lessons, lessons consist of 
main facts, main facts consist of teaching points (7). 

c. define KEYCEPT as: 

(1) the key word analog of the concept expressed by a main fact 

(a group of teaching points) in a human-instruction lesson plan* 

(2) consisting of one or more key words which are nouns, adjectives 
verbs and/or adverbs,. 

(3) an element of a Markov chain. 

d. treat KEYCEPT mathematically and overlay the equations on the ap- 
propriate subsystems in Figure 3, corresponding to (2.3) of Figure 4. 

3 . Relationship to Real-Life 



It is desirable to synthesize the model by using real rather than con- 
trived data. By definition, a course consists of lessons and the docu- 
ment which contains lesson content and method is the LESSON PLAN . 
Therefore, obtain a small sampling of lesson plans from occupational 
teachers; examine these to verify that KEYCEPTS do, in fact, exist and 
are present in the typical plan. 

The KEYCEPT is created in (4.6) of Figure 3 and is recorded on the les- 
son plan form in (4.10). The lesson plan is used by the instructor in 
(4.3) and the KEYCEPT is* indicative of the! information that is 
transmitted to the student (4.4). The KEYCEPT as such is not transmitted. 

The mathematical modeling aspect of the study will be concerned with 
the (5.8) — ► (4. 6) — ►(4.10) section of the loop. 



C. ANALYSIS 



1 . Flowchart Model 



This section reflects the experience of five experts and the ETC inves- 
tigators identified in ACKNOWLEDGEMENTS. Reference is made to Figure 3 
which resulted from the initial study (2), and to Figure 5 which resulted 
from steps la, lb and lc, page 11. However, responsibility for the de- 
sign of this submodel rests exclusively and solely with the principal 
and associate investigators. 



see Page 13a 



Figure 5 - Reconceptualized Configuration of (5.8) 
(4.0), (5.5) and (7.1) 
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a. Analysis of (5.8) 

(5.8) is analyzed as having two functions, (5.8.1) GENERATE MATERIALS, 
and (5.8.2) DISSEMINATE MATERIALS. Technical materials are created 
in (5. 8. 1.1) by federal agencies other than the Department of Defense 
(DOD), often as byproducts of their routine activities. These may 
be purchased from the Superintendent of Documents (SOD) in (5. 8. 2.1), 
or requested from the generating agency (5 .8.2.2). 

DOD creates materials (5. 8. 1.2) not only as byproducts but as 
endproducts for training and education programs. Additionally, it 
contracts for the creation of materials from non-government sources 
(5. 8. 1.3) and these materials are often available to Educational 
Resources Information Center (ERIC) organizations (5.8.2 .5). It is 
true to a lesser degree that (5. 8. 1.1) will contract for the creation 
of materials by non-government sources as revealed by the signal 
path from (5. 8. 1.3) to (5. 8. 1.1). 

DOD produces (5. 8. 1.2) or has produced for it (5. 8. 1.3) materials 
which must by regulation or law be deposited in the Defense 
Documentation Center (DDC) as described in (5 .8. 2. 4). Occupational 
teachers ordinarily do not qualify for documents held by DDC. However, 
certain (5. 8. 2. 4) documents are released to the Clearinghouse for 
Scientific & Technical Information (CFSTI) shown in (5. 8. 2. 3) and 
may be obtained as described in Figure 5. (5. 8. 2. 3) also processes 

documents from (5. 8. 1.1) through function (5. 8. 2. 2). In addition to 
receiving documents from (5. 8. 1.3), ERIC (5.8.2 .5) also receives 
inputs from (5.8.2 .2). 



Finally, legislators (5. 8. 2. 6) receive materials from (5. 8. 2.1) and 
(5. 8 .2. 2) and furnish these whenever practicable. 

The (5.8) function as described should account for nearly 100% of 
government published data which is approved for external consumption. 

b. Analysis of (4.0) 



(4.0) as depicted in Figure 3 is expanded to the detail in Figure 5. 
The occupational teacher (4.6) can receive inputs from all functions 
in (5.8.2) except (5. 8. 2. 4). The school library may receive 
promotional information from (5. 8. 2.1) and this might reach (4.6), 
but the teacher is normally his own search and early-warning sensor. 
If he is aware of a specific document, he may request it through the 
school library (4. 9. 5.1) and the path (4,6)— ►(4. 9. 5.1) 
is followed.) 



(4. 9. 5. 2) 
(5.8T2.1) 



(4.6) 



A more circuitous route involves the acquisition by an appropriate 
subpart of a ptate education agency of documentation (7.1) from (5.8.2). 
This is disseminated in (7.2) and reaches the local school district 
office (4. 9. 3.1). It is also possible for (7.1) to disseminate 
information from (5.8) by inputting (7.2) into (5.5) where a 
commercially-oriented organization will convert it into instructor's 
materials which reach the teacher through path (5 .5)-^*(4.9.3 .1) — ►- 
(4. 9. 3. 2) — ►(4. 6) . Even if (4. 9.3.2) is bypassed, the path is 
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extremely long with a transit time measured in years. 

The school district (4 y9 .3.1) need not rely solely upon path (7.1)— ► 

(7.2) — ^(5.5) but can input directly form (5.8.2). The Superinten- 
dent of Schools and/or the District Director of Vocational Education 
receive the inputs (4. 9. 3.1) and either file them or pass them on to 
the Principal (4.9.3 .2) or to the teacher (4.6) perhaps through a 
department chairman. It is possible for an interested Principal 

(4. 9. 3. 2) to order materials through his school or district professio- 
nal library (4. 9. 5. 2) for his teachers. Materials which contribute to 
updating of occupational course content are not usually ordered by 
Principals for their own use. 

The teacher (4.6) will occasionally use the documentation to assist 
him in performing the occupational guidance and placement function 
(4.5) which occurs in (4.3.3). However, this study is concerned main- 
ly with updating content for skills and knowledge rather than for gui- 
dance purposes although there is a side effect reinforcing guidance. 

It is in fuction (4.10) that the development of instructional materials 
is performed by (4.6). The basic device is the ‘lesson plan contain- 
ing content coupled with the method of instructing the content in de- 
tail. The teacher (4.6) uses his inputs to update old content by mod- 
ifying main facts and teaching points in (4.10.1). If he utilizes his 
inputs to improve the method of instruction, this is performed in 
(4. 10 .,2). There is an interaction between (4.10.1) and (4.10.2) when 
content updating calls for a new method and when new methods force a 
review of old content. The best instruction and optimized learning 
occurs when content dictates the method for communicating ... .rather 
than the reverse. At the secondary school level, particularly in oc- 
cupational subjects, the body of knowledge for any particular .sub ject 
is both well-defined and voluminous. Therefore, content updating de- 
cisions to include, delete, or otherwise modify existing content will 
dictate the method. 



Mathematical Analysis 



The principal objective of the mathematical analysis is to measure 
existing occupational teacher performance insofar as updating course eon v 
tent is concerned as described in 4d, page 10. This objective requires 
the measurement of 

a . teacher performance 

b. old course content 

c. updated course content 

The first objective of the mathematical analysis is to describe course con- 
tent in mathematical terms . Then updated course content can be compared 
readily with the old to determine the amount of change. This actual change 
can then be compared with the desired change to determine the teacher's 
performance. The open-loop part of closed-loop (5.8)-^(4.6)-^(4.10) -—w 
(4.3)— ►(4.4)— ■►(1 .2 . 1 ) — ►“( 1.1.1) — ►-( 1 .5 .4)— ►(4. 7)— ►-(4. 6) to be /analyzed' 
is : 
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The first step is to analyze course content in function ( 4 . 10 . 1 ) 



a. Mathematical Representation of Course Content 

Consider a course as a sequence of main facts and associated teaching 
points : 

1.1.1 Main Fact, MF(ti) 

1 . 1 . 1.1 Teaching Point 

1.1. 1.2 TP 

i tp 

1.1.2 MF(t 2 ) 

etc . 

where MF(t^) designates the ith main fact occurring at time +£. The 
whole course C(+) is described by the equation: 

C(t) = MF(+) 

C(+) = MF(t 0 ), 04+4+1 
MF(+i), +14+4+2 

MF ( + n- x ) , + n -2i + i + n 

C(+) = n y l MF(t.)[U(t i ) - U(t . +1 )3 O) 

0 

where U is the unit step function. 

Equation ( 1 ) defines a course as a sequence of main facts. 

To compare two courses prepared by two occupational teachers on the 
same subject, the course equations could be developed in detail and 
would show whether or not the courses were identical ^ Because 
teachers are human and have individual differences, it is quite 
likely that the courses would not be the same. That is, in general: 

C A (t) t c 3 (t) ( 2 ) 

where the course subscripts A and B refer to two different teachers. 
However, in comparing two different versions of a course, the interest 
is in how much are they alike or, particularly for this study, how 
up-to-date is the course. 

Since, these are statistical concepts of equality, it is necessary to 
describe main facts in statistical terms. Each main fact appears in 
the lesson plan as a collection of words. The main fact dealing with 
any subject-matter is described by certain key words which will be 
used by most occupational teachers when preparing a lesson plan for 
the course. 

Now, define MF(+) by the statistics of its key words. Consider these 
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key word statistics on the key word or w- domain. Then, on the main 
fact -key word plane, there will be this joint probability density 
function: 

p(w, MF(+.)) = p(w|MF(t .) )p(MF(t .)) (3) 

The probability will be non-zero for only certain points in the MF-w 
plane. These points are the key words that represent each specific 
main fact. This set of key words is called the KEYCEPT for a specific 
main fact as illustrated in figure 6. 




KEYCEPT 



Figure 6 - KEYCEPT for a Specific 
Main Fact Defined on MF-w Plane 



The KEYCEPT is fixed, thus the conditional probability of key words 
given a main fact is time -independent : 



p(w|MF(+)) = p(wjMF) 


(4) 


Then, equation (3) may be stated: 
p(w, MF(+) ) = p(w|MF)p(MF(t)) 


(5) 



where the only time -dependence is in the last density function. 

This density function defines the way in which main facts are ordered 
to synthesize the course. The time-dependence therein is, in fact, 
the Markov chain statistics for the main fact sequence. In a logically 
structured course, such as automotive mechanics, the chain would be 
expected to be of high order while in a less logically structured 
course the order should be lower. 

The chain statistics have meaning also with respect to the organiza- 
tion of a single teacher's course. The mor e tightly organized the 
course is, the longer will be the chain n. This long chain length 
reduces the course information content so it is teachable. Therefore, 
for well-taught courses, i.e. those instructed by good teachers, the 
chain statistics may be as time-independent as the KEYCEPT statistics. 

b. Updated Documentation Representation 

Figure 1 describes the flow of updated documentation (5.0) to the 
occupational teacher (4.0). A more explicit flowchart. Figure 3. 
identifies the flow as (5 .8)-**-(4.6.1 . l)-^-(4.6 .2)-^(4.6 .3)-*-{4 .10) . 
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